Background: Ghrelin, the natural ligand of the GH secretagogue receptor, has potent orexigenic effect. Ghrelin levels are negatively associated with insulin secretion, increased in anorexia, and reduced in obesity. Increased ghrelin levels may be associated with early postnatal growth in preterm born children.
Introduction
Ghrelin, a 28-amino-acid peptide, is predominantly produced in the stomach but its expression has been demonstrated in several other organs including hypothalamus and pituitary gland (1, 2) . It has been shown to be a natural ligand of growth hormone (GH) secretagogue receptor and plays a major role in the control of somatotrop function (2) . It has also been considered as a major orexigenic factor and controls energy balance, enhancing fat mass deposition, and food intake (3) .
Circulating ghrelin levels are negatively associated with body mass index (BMI); ghrelin secretion is increased in anorexia and cachexia and reduced in obesity (2, 4) . There is a strong negative association between insulin and ghrelin levels (5) . In humans, circulating ghrelin levels are increased by energy restriction and decreased by food intake (6) .
It has been shown that early in the neonatal period ghrelin levels increase in preterm infants (7, 8) . Interestingly, this increase is not inhibited by food intake (7) . The absence of inhibition of ghrelin by food intake has been shown in prepubertal children as well, in contrast to adults (9, 10) . This ghrelin refractoriness to food intake from birth to childhood may suggest that this hormone may play an anabolic drive in the growth and development. In fact, it has been shown that small for gestational age (SGA) and very low birth weight infants show higher increase in ghrelin levels at birth and after birth, which may indicate increased physiological need for ghrelin (8, 11, 12) . Higher postprandial ghrelin levels or lower reductions in circulating ghrelin levels following IV glucose were also found in SGA born children who showed greater catch-up growth (CUG) at 1 year of age (13) . Furthermore, lower cord blood ghrelin levels have been found to be associated with slower weight gain from birth to 3 months of age (14) .
There are no studies concerning ghrelin levels in preterm born children in prepubertal ages. We hypothesized that various degrees of postnatal growth in preterm infants up to prepubertal ages may be related to ghrelin levels. Thus, we studied ghrelin levels in preterm born children at prepubertal ages who have shown various degrees of postnatal growth and compared their data with that of term born children.
Subjects and methods
Of 208 children who were born with a gestational age of %37 completed weeks (36 weeks and 6 days) and followed in the Neonatology Unit for their growth, those who were at least 2 years of age at the time of investigation (nZ140), to allow them to have completed their CUG, were invited to participate in a prospective, cross-sectional growth study in the pediatric endocrinology and growth unit. Twenty-nine children were not reachable at the postal address and the parents of twenty-seven children refused to participate. All together, 84 (37F, 47M) premature born children participated in the study. The groups of children who were not reachable or refused to come were found to be similar to the study population as to gestational age, birth weight, perinatal risk factors, and hospital care.
To obtain a spectrum of CUG, the preterm children were divided into subgroups with respect to their birth weight and/or length for their gestational age. Those with a birth weight and/or length !10th percentile (15, 16) were accepted as SGA and those with a birth weight and/or length R10th percentile as appropriate for gestational age (AGA). Preterm SGA group is expected to show various degrees of CUG. As the control group, 79 (42F, 37M) children born at term (O37 completed gestational weeks) were studied. To compare their results with that of the preterm born children appropriately, they were also subdivided as term SGA and term AGA according to the same criteria. Thus, we had preterm SGA group (nZ28; 15F, 13M), preterm AGA group (nZ56; 22F, 34M), term SGA group (nZ35; 22F, 13M), and term AGA group (nZ44; 19F, 25M). All children were prepubertal (testicular volume !4 ml in boys, breast stage 1 in girls, and no pubic hair in both sexes) (17) and at least 2 years of age at investigation to allow them to have completed their CUG. Mean chronological age (range) was 4.7 years (3.3-6.9) in the preterm SGA group, 4.7 years (2.9-7.1) in the preterm AGA group, 4.6 years (2.9-7.7) in the term SGA group, and 3.8 years (2.8-6.7) in the term AGA group. Term children were recruited from the control group of an ongoing parallel study. The reason why 10th percentile was chosen as the cut-off for definition of SGA is that nearly all metabolic studies done in preterm infants have used this cut-off in their studies (18, 19) . Birth data and anthropometric parameters of the groups at investigation are seen in Table 1 . Range of gestational age in the preterm group was from 24.5 to 37 weeks.
This study was done as part of the study investigating insulin resistance and body composition in this cohort of children. Detailed methods regarding recruitment of the subjects in this study and regarding the collection of medical history and physical examination in these children have been recently given in detail in this previous report (20) . BMI of the children was calculated as weight (kg)/height (m) 2 . Target height was calculated as mother's heightCfather's height/2-6.5 for girls and C6.5 for boys. Values of height, weight, target height (21) , and BMI (22) , and also birth data (23) were expressed as SDS. Corrected height for target height (target height SDS minus recent height SDS) was denoted as height SDS corrected .
CUG in height was defined as the difference (D) between birth length SDS and current height SDS, was denoted as D height SDS and CUG in weight as the difference (D) between birth weight SDS and current weight SDS, and was denoted as D weight SDS. After an overnight fast, serum samples were drawn for serum insulin, glucose, and ghrelin levels. Among other parameters concerning insulin resistance in this cohort of children that have been presented in the previous report (20) , only the results of insulin and glucose measurements will be given in conjunction with ghrelin levels in this study. HOMA-IR was calculated as insulin (mU/ml)!glucose (mmol/l)/22.5 (24) .
Sera were stored at K70 8C until hormonal assays were done. The samples were run in the same assays using the same kits.
This study was approved by the ethical committee. Written consent was obtained from the families and children.
Methods
Hormonal assays Glucose was measured by standard equipment and methods (Roche Diagnostics using Cobas Integra kits) by hexokinase method. Serum ghrelin was measured by LINCO Research Ghrelin (total) RIA kits (St Charles, MO, USA). Intra-and inter-assay coefficients of variance were 4.4-10.0 and 14.7-16.7% respectively. The sensitivity limit of the assay was 93 pg/ml. Insulin (mU/ml) was measured by RIA method (DSL-1600, Webster, TX, USA), and the lowest limit of detection at the 95% confidence level was 1.3 mU/ml. Because there were quite a number of children with insulin values below this cut-off level, standards were diluted to be able to measure values between 0.1 and 1.3 mU/ml.
Statistical analyses
An SPSS-12 program (SPSS for Windows, version 12.0; Chicago, IL, USA) was used for statistical analyses. Comparison between the means was done by parametric tests (t-test). Skewed data of ghrelin and insulin were normalized by log transformation to use parametric tests. These values are expressed as geometric meanGS.E.M. All other parameters were expressed as arithmetic meanG S.E.M. Median (range) and confidence interval (95%) are also given in Table 2 . The relationships between variables were analyzed by simple correlation (Pearson's test), general linear models and multiple regression analysis. For univariate analysis, children were divided in subgroups according to AGA or SGA, preterm or term birth and overweight status (arbitrarily defined as being in the upper half for the BMI SDS distribution in the sample). In multiple regression analysis, ghrelin was taken as dependent variable, and birth size, D height SDS, D weight SDS, recent anthropometric indices, and insulin were taken as independent variables and tested. Those independent variables that have an effect on each other were analyzed separately in the model. Significance was granted for P%0.05.
Results
Birth data of the children as seen in Table 1 showed the expected differences between the groups. But otherwise birth weight and length of the preterm SGA and term SGA and that of preterm AGA and term AGA children were similar, except for a higher birth weight SDS of the preterm SGA children than that of term SGA children.
As seen in Table 1 , all of the anthropometric parameters of the preterm SGA and term SGA children were similar at similar ages of investigation.
Comparison of the preterm AGA and term AGA children showed that preterm AGA children were older (P!0.001) and their weight SDS and height SDS were lower than that of term AGA children (P!0.001) but they had similar BMI SDS and corrected height for parental height at investigation (Table 1) .
Preterm SGA and preterm AGA children had no significant differences with respect to anthropometric parameters. Term SGA children were older (PZ0.005) and had lower BMI (PZ0.015) than term AGA children. Table 2 shows that the CUG in preterm SGA children were similar to that of term SGA children and both groups had significantly higher D height SDS and D weight SDS (P!0.001 for all) when compared with their AGA counterparts. Preterm AGA children had D height SDS and D weight SDS slightly lower than term AGA children (PZ0.03 and PZ0.018).
Ghrelin levels were significantly lower in term SGA children than in preterm SGA children (P!0.001) although they had the same magnitude of CUG. Preterm AGA children had higher ghrelin levels than term AGA children (P!0.001). There was no difference in ghrelin levels between preterm AGA and preterm SGA children. Ghrelin in term SGA was lower than that in term AGA children but not significantly. This difference was still insignificant when controlled for BMI in univariate analysis (d.f.Z1;155; FZ0.313; PZ0.557). Ghrelin levels are shown in Fig. 1 . There was no significant gender difference in ghrelin levels.
Insulin levels, as shown in Table 2 , were the highest in the term SGA group and showed a great variability in all groups. As has been shown in the previous report (20) , insulin was significantly higher in term SGA children than in term AGA children (PZ0.003) and higher than in preterm SGA children (P!0.001). Preterm SGA and preterm AGA children had similar insulin levels. HOMA-IR values showed similar differences as basal insulin values. Glucose values were in normal ranges in all groups and not significantly different from each other except for a significantly lower level in preterm AGA group than in the term AGA group (P!0.01).
Correlation studies
There were no correlations between D weight SDS and D height SDS and ghrelin levels in any of the groups. However, ghrelin levels correlated inversely with recent height and weight in preterm (rZK0.378, P!0.001 and rZK0.279, PZ0.010) and term (rZK0.327, PZ0.030 and rZK0.361, PZ0.033) children and additionally with BMI in term SGA children (rZK0.389, PZ0.021).
Ghrelin showed significant but weak negative correlation with insulin levels in preterm and term children (rZK0.287, PZ0.008 and rZK0.271, PZ0.016). HOMA-IR showed significant inverse relation with ghrelin at similar levels as insulin. There was no correlation between glucose and ghrelin levels.
Multivariate analysis revealed that ghrelin level was best explained by (R 2 Z0.316) insulin (BZK0.1, PZ0.027), gestational age (BZK0.04, P!0.001), and recent height SDS (BZK0.06, PZ0.041).
Discussion
One of the findings in this study is that preterm children whether born SGA or AGA have higher ghrelin levels than term children at prepubertal ages. This finding shows that the increased levels of ghrelin in preterm born children in the early neonatal period (7, 8) are sustained up to prepubertal ages. This increase in ghrelin levels may be needed for the growth of these children, but it does not seem to be related to the degree of CUG because preterm SGA infants had significantly higher CUG than preterm AGA children in spite of similar ghrelin levels. Indeed, there was no correlation between D weight and/or D height and ghrelin levels. The high ghrelin levels in preterm born children in our study may be related to their low insulin levels. Most available data suggest a negative association between ghrelin and insulin levels (5) and in fact, in our study, insulin was one of the factors that explained ghrelin levels. However, high ghrelin levels may also be explained by an intrinsic characteristic of the preterm born infants. In fact, in the study by Shimizu et al. (8) , it was shown that active ghrelin levels were increased in low birth weight infants in the first 8 weeks of life, and similar to our study the ghrelin levels did not differ between the AGA and SGA infants. The inverse relation of ghrelin with gestational age in our study may also imply this hypothesis. Furthermore, several studies have shown that ghrelin, besides having an effect on energy and glucose homeostasis, has an effect on gastrointestinal, cardiovascular, pulmonary and immune functions, cell proliferation and differentiation, and bone physiology (25) . Thus, high ghrelin levels in preterm born children may have further implications in the development of these children. Although not dependent on the magnitude of CUG, ghrelin levels showed an inverse relation with the recent measured anthropometric parameters in preterm born children in our study, including weight and height in preterm and term children and BMI in term children. It has been shown that ghrelin correlates with BMI in several studies (2, 4) and also with weight and height in early childhood (13) ; however, further studies are needed to elucidate the pattern of growth and ghrelin levels in preterm born infants in early childhood.
The other important finding is that term SGA children have significantly lower ghrelin levels than preterm SGA and preterm AGA children and similar levels as term AGA children. Although the magnitude of CUG in term SGA children is the same as that of preterm SGA children, their ghrelin levels are much lower than that of preterm SGA children. This finding may be related to higher insulin levels in the term SGA children than in preterm SGA children. In fact, insulin level was one of the major determinants of ghrelin levels in our study. We, along with other investigators, have shown that SGA born children may have higher insulin levels in early childhood in spite of normal BMI levels (20, (26) (27) (28) , and it has been shown that ghrelin has inverse correlation with insulin (5) .
Although there is controversy regarding ghrelin levels at birth in preterm and term infants and relation with gestational age (29, 30) , it has been shown that umbilical cord ghrelin concentrations are elevated in SGA neonates (12) , and it was suggested that ghrelin may play a physiological role in fetal adaptation to intrauterine malnutrition. Furthermore, higher postprandial ghrelin levels or lower reductions in circulating ghrelin levels following IV glucose were associated with early postnatal growth in the first year of life of SGA infants (13) . However, as can be concluded from our study, it is evident that high ghrelin levels in the early phase of growth do not seem to be sustained over the subsequent years in the growth of SGA born children. Decreased ghrelin levels in association with high insulin levels in childhood ages in term SGA children suggest that at one phase of growth in SGA children CUG occurs, high insulin levels ensue, and ghrelin levels fall. This decrease in ghrelin levels may be a compensatory mechanism to protect them from increased weight gain.
One limitation in this study may be that ghrelin levels are not analyzed with respect to food intake. It has been shown that there is a marked variation in ghrelin levels throughout the day with peaks before the food intake; however, it has also been reported that morning ghrelin levels correlate with 24 h ghrelin secretion (31) . Thus, fasting ghrelin levels in our study should be acceptable. Another limitation in this study may be the younger age of the term AGA children. Indeed, it is not certain whether ghrelin levels are age and gender dependent (4) . In the study by Soriano-Guillen et al. (32) , ghrelin levels increased after birth up to 2 years of age and then decreased until the end of puberty, but in another recent study it has been shown that ghrelin levels are unchanged in childhood age to adulthood (33) . Thus, the relatively narrow age range within the prepubertal period in our study is not expected to affect the ghrelin levels. There was no gender difference in our study in ghrelin levels.
Another issue of relevance may be that of ghrelin isoforms. Although the major active product of ghrelin gene is a 28 amino acid peptide acylated at the serine 3 position with an octanoyl group, recent developments have shown that ghrelin gene can generate various bioactive molecules including mainly des-acyl ghrelin and some others (25) . Ghrelin isoforms are active and they may have similar or opposite physiological actions to ghrelin (2) . Most published studies measure total ghrelin as we have done in our study; however, further studies regarding ghrelin isoforms in preterm born children may provide insight into the role of ghrelin in this group of children. This is the first study that has evaluated ghrelin levels in preterm children at prepubertal ages with respect to gestation and CUG. We may conclude that the ghrelin levels are elevated in prepubertal ages in preterm children regardless of the magnitude of their CUG. Term children on the other hand behave differently than preterm children. Term SGA children have lower ghrelin levels than preterm SGA children. The lower ghrelin levels may be explained by their higher insulin levels. The finding of elevated ghrelin levels in preterm born children in prepubertal ages is a novel finding; however, further studies are needed to delineate the role of ghrelin in this group of children and on the further implications that it may have.
